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ABSTRACT
Some effects of gamma radiation on the 4 developmental stages 
of the tobacco budvorm, Heliothis virescens (Fabricius) were studied 
in the laboratory.
Resistance to the lethal effects of gamma irradiation increased 
as development of the insect progressed from the egg through the 
adult stage. Exposure of 1-day-old larvae to 7,000 rads resulted in 
98.4% mortality. In contrast, exposure of 0- to 1-day-old adults to 
222,007 rads resulted in 93.5 and 95.2% mortality after 72 hours in 
males and females, respectively.
Dosages of gamma irradiation applied to pupae that effected a 
high level of sterility in resulting moths also caused considerable 
mortality especially in young pupae. In addition to mortality, 
deleterious effects on oviposition, mating frequency, and mating 
competitiveness seemed apparent.
Complete sterility was induced when adults were exposed to
40,000 rads of gamma irradiation. Deleterious effects on adults 
exposed to this dosage were greatly reduced in comparison to pupae. 
Oviposition of treated females and mating frequency of treated males 
appeared to be affected. However, irradiated (30,000 rads) males 
competed equally v;ith normal males when males were confined with 
virgin females at 1:1:1 ratio.
Gamma irradiation of pupae or adults resulted in considerable 
mortality of their progeny. For example, 15.4% of the eggs produced
vii
by crossing irradiated 0- to 1-day-old male and female moths (10,000 
rads) were observed to hatch. However, only 16% of these larvae 
completed their life cycle and emerged as normal appearing adults. 
Female reproductive tissue appeared to be more radiosensitive in both 
the pupal and adult stages than male reproductive tissue.
viii
INTRODUCTION
The synthetic organic insecticides introduced in the 1940's 
have revolutionized insect control. The benefits of these materials 
to mankind in reducing diseases of man, animals, and crops and 
increasing the quality and quantity of food and fiber have been 
unparalleled in many years of struggle against insects.
Subsequently, several problems related to the use of insecti- 
cide.s have arisen. Many species of insects have developed resistance 
to these chemicals and control is difficult or with some species 
nearly impossible. The effect of insecticide residues upon wild­
life, domestic animals and humans is of growing concern. In addi­
tion entomologists are continually striving towards the development 
of more effective and more economical means of controlling insects.
The eradication of the screw-worm fly, Cochliomyia hominivorax 
(Coquerel), from Curacao and the Southeastern United States was 
accomplished by releasing into the natural population laboratory- 
reared males sterilized by gamma radiation. The success of this 
release program has focused attention on the possibility of con­
trolling or eradicating other insect pests through the use of induced 
sterility (Knipling, 1960a; Lindquist, 1961).
The purpose of this research was to evaluate under laboratory 
conditions the possibility of utilizing gamma radiation induced 
sterility as a method of controlling the tobacco budworm, Heliothis 
virescens (Fabricius). Specifically, the four life stages of the
1
tobacco budworm were exposed to varying dosages of gamma rays from 
a cobalt^® source. Effects of this radiation on subsequent develop­
ment, mating frequency, oviposition, fertility, competitiveness of 
males and longevity were studied.
REVIEW OF LITERATURE
Status of Heliothis virescens (Fabricius) as a Pest
The Heliothis complex on cotton includes the bollworm, H. zea 
(Boddie), and the tobacco budworm, H. virescens (Fabricius). The 
latter species has been recognized as a cotton pest in Louisiana 
since 1949. However, Folson (1936) collected the tobacco budworm 
from cotton at Tallulah, Louisiana during 1934. According to 
Metcalf and Flint (1951), the tobacco budworm attacks tobacco, 
cotton, ground cherry, and other solanaceous plants as well as 
geranium and ageratum. This species has been one of the major cotton 
insect problems in Texas in recent years (Adkisson, 1964; Adkisson 
et al., 1965; 1966). Insecticide-resistant strains have been 
reported from Texas, Mississippi, and Louisiana (Brazzel, 1963;
Graves al., 1967; Pate and Brazzel, 1964). Alternate means of 
controlling this insect are urgently needed.
Historical Background of the "Sterile-Male" Technique
Application of ionizing radiations to insects dates back nearly 
to the discovery of X-rays in 1895 (Hunter, 1912). Among early 
papers on the application of ionizing radiations to insects are 
those of Runner (1916) and Davey (1917). These men revealed most 
of the facts known today about the nature of insect death from 
radiation.
Knipling (1955), in 1937, first proposed that control and per­
haps eradication of a natural insect population could be achieved 
through the release of sterilized males of the same species. He 
later elaborated the theory and concepts of the "sterile-male" 
technique (Knipling, 1959; 1960b).
Bushland and Kopkins (1951, 1953) found adult fertility was 
reduced to a sterility level when 5-day-old pupae of the screw- 
worm were exposed to 5,000 roentgens of either X-rays or gamma-rays. 
When normal and sterilized screwworm flies were caged together, the 
gamma-irradiated males competed for mates about equally with the 
normal males.
These laboratory experiments were followed by field trials on 
the Islands of Sanibel and Curacao. Flies were released at the rate 
of 435 males per square mile per week. In 8 weeks the population 
declined more than 99% (Baumhover et̂  al_., 1955).
The success of the eradication program on Curacao stimulated 
great interest in the possibility of having the screwworm eradicated 
from the Southeastern United States. An eradication program was 
started early in 1958. Within a year virtually all natural screw­
worm activity ceased. Later it was concluded that the screwworm 
had been eradicated from the Southeastern United States (Knipling, 
1960a).
Effects of Radiation on Some Lepidopterous Insects
Walker (1962) studied the effects of X-rays on the European corn 
borer, Ostrinia nubilalis (Hubner). The following conclusions were
reached concerning the utilization of "sterile-males" as a possible 
method of controlling the European corn borer:
(1) One-day-old male moths could be "sterilized" by exposure 
to 32,000 roentgens.
(2) "Sterile-males" competed equally with untreated males for 
virgin females under laboratory conditions, indicating similar results 
might be obtained under field conditions.
(3) If the irradiated males outnumbered the normal males in 
nature by a factor of two, laboratory results indicated that it might 
reduce the number of viable eggs by 39%.
(4) Because of erratic results obtained with irradiated pupae, 
the use of irradiated adults would be preferable in future research.
(5) The cost of treating large numbers of moths by X-rays 
would be economically unsound. A cobalt^O source would be desired 
for any large scale, tests.
Proverbs (1962a, 1962b), and Proverbs and Newton (1962a) found ■ 
that exposure of mature pupae or newly emerged males of the codling 
moth, Carpocapsa pomonella (L.), to 40,000 rads of gamma radiation 
induced about 98% sterility without affecting adult emergence, mating, 
or adult longevity. Higher dosages decreased mating. Irradiation of 
eggs, mature larvae, or young pupae also resulted in a high degree of 
sterility, but caused undesirable effects. The female was more radio­
sensitive than the male. Sensitivity generally decreased as develop­
ment progressed from the egg to the adult stage. Hating of a normal 
female with an irradiated male (40,000 rads), either before or after
a mating with a normal male, did not prevent the laying of mostly 
viable eggs.
When the ratio of "sterile" to fertile males was 10:1, the 
reproductive potential of the codling moth was reduced about 75%. 
Sperm from irradiated male moths (40,000 rads) were less com­
petitive than those from normal males (Proverbs and Newton, 1962b).
In other studies with the codling moth, fully developed pupae 
were exposed to 40,000 rads of gamma radiation, and the emerged 
adults caged with normal moths over dwarf apple trees. The average 
numbers of mature larval progeny per cage that developed when each 
cage was supplied with: (a) 5 normal male, 5 normal female, and 50
irradiated male moths; (b) 5 normal male, 5 normal female, 50 
irradiated male and 50 irradiated female moths; or (c) 5 normal male, 
5 normal female, and no irradiated moths were: 6.0 in (a), 16.6 in
(b), and 40.3 in (c). In another experiment in which the number of 
normal moths remained the same but the number of irradiated moths 
of each sex was increased from 50 to 100, the average numbers of 
mature larvae that developed in each cage were 0.7, and 33.3, 
respectively (Proverbs and Newton, 1962c; Hathaway. 1966).
Ouye et̂  al^ , (1964) in studying the effect of gamma radiation 
on pupae and adults of the pink bollworm, Pectinophora gossypiella 
(Saunders), found that pupal sensitivity was dependent on age at time 
of treatment; the older the pupae, the less susceptible they were. 
When 1- and 3-day-old pupae were irradiated, dosages inducing com­
plete sterility also caused some pupal mortality and appreciable 
moth damage; however, irradiation of 5- or 7-day-old pupae induced 
almost complete sterility without pupal mortality or adult malforma­
tion. Complete sterility was achieved at 55 kiloroentgens when males
from irradiated 7-day-old pupae were mated with untreated females. 
Exposure at 40 kiloroentgens was sufficient to sterilize females. 
Longevity of males from 7-day-old pupae treated with 35 through 90 
kiloroentgens was significantly shorter than that of the control,
A study of the gross effects of gamma radiation on the Indian- 
meal moth, Plodia interpunctella (Hllbner), and the Angoumois grain 
moth, Sitotroga cerealella (Olivier), was conducted by Cogburn _et 
al. (1966). All metamorphic stages of the insects were treated with 
13,2 * 17.5, 25, 45, or 100 kilorads of gamma radiation. Eggs
of both species and larvae of the Indian-meal moth were effectively 
controlled by all dosages. Larvae of the Angoumois grain moth were 
controlled by all dosages except 13.2 "t 107o kilorads. The life of 
insects treated as adults or as pupae was not greatly shortened by 
the treatments but the incidence of sterility and a marked reduc­
tion in progeny varied directly with the dosage applied. When a 
dose of 100 kilorads was applied to late stage pupae and 1- to 2- 
day-old adults of both sexes, a sterility level of 90 to 100% was 
achieved in both species, except for male pupae of the Indian-meal 
moth where only 75% sterility was obtained.
Whiting (1950) investigated the effect of X-rays on the 
Mediterranean flour moth, Anagasta kuehniella (Zeller). Full grown 
larvae were irradiated with doses ranging from 40,000 to 160,000 
roentgens. Following a short period of inactivity they moved about 
normally and were readily stung by the parasitic wasp, Habrobracon. 
Those not exposed to the parasite continued to crawl but none pupated. 
All lived for at least a few days and some (23.16%) were still alive
30 to 40 days after exposure. Control larvae pupated 3 days after 
the time of exposure of treated larvae.
Proverbs and Newton (1962a) exposed codling moth eggs and other 
stages of this insect to gamma radiation to ascertain if irradiation 
could be used to induce sexual sterility or lethal dominance. Young 
eggs were more sensitive than older eggs. For example, when newly 
deposited eggs were exposed to a dosage of 4650 rads only about 4% 
of the larvae emerged from the eggs and none was able to enter 
apples. Older eggs subjected to the same radiation dose hatched 
normally and nearly as many larvae developed into moths as from 
nonirradiated eggs. Some of the moths from irradiated eggs had 
twisted or crumpled wings. Male moths from irradiated eggs mated 
less frequently than males from nonirradiated eggs when the radia­
tion dose was sufficiently high to cause almost complete sterility.
Eggs that produced female moths were more sensitive than eggs from 
which males were derived. The greatest difference between the sexes 
in radiosensitivity was in the egg stage.
Hough (1963) stated that the principal effects on biological 
performance of irradiated 4-day-old eggs of the codling moth were:
(1) temporary increase in incubation period, (2) increase in average 
number of eggs deposited by females from treated eggs, and (3) slight 
increase in longevity of moths. Irradiation of 4-day-old eggs in 
1957 and 1958 did not alter the susceptibility to DDT (1,1,1-trichloro- 
2,2-bis= (j>-chlorophenyl)ethane) and lead arsenate in 1959 and 1960.
In all DDT tests of 1962, however, the progeny of irradiated eggs 
exhibited resistance to this insecticide as compared to performance
of the parent strain. Additional irradiation of eggs (mostly less 
than 1-day-old) of the irradiated strain one generation preceding 
the comparative test of 1962 appeared to have increased the pro­
portion of larvae having greater resistance to DDT. The strains 
were equally susceptible to weak concentrations of carbaryl 
(1-naphthyl N-methylcarbamate) and azinphosmethyl (0,0-dimethyl 
£>-4-oxo-l, 2,3-benzotriozin-3 (4H)-ylmethyl phosphorodithioate) .
Luscher (1944), according to Hough (1963), described deformi­
ties in the developmental stages of the webbing clothes moth,
Tineola bisselliella (Hummel) that were attributed to irradiation 
of the eggs.
Assessment of Radiation Damage
Gamma radiation is destructive to living things if absorbed 
in sufficient quantities. When passing through living tissues, it 
causes ionizations which can disrupt vital cellular elements such as 
genes and enzymes. Reproductive cells are generally among the most 
susceptible to the effects of radiation (Hassett, 1957).
Alteration in the structure of a vital gene will produce a 
lethal effect (Gowen and Gay, 1933). An egg fertilized by a sperm 
carrying a dominant lethal will not give rise to an adult organism. 
Most of the deaths usually occur in the embryonic state and are 
expressed as a reduction in the numbers of eggs which hatch (Lea, 
1956). Many workers have utilized percent of egg hatch to assess 
radiation damage (Proverbs, 1962a; Proberbs and Newton, 1962a, 1962b, 
1962c; Proverbs et ad., 1967; Hough, 1963; Ouye al., 1963; Walker 
and Brindley, 1963; Weidhaas and Schmidt, 1963).
If a plot of the number of units changed versus dosage results 
in a curve which is linear on a logarithmic scale, it is probable 
that a single ionization caused the effect studied. This relation­
ship applies only to experiments where the damage is measured at the 
molecular level. Frequently the dosage-response curve is not linear, 
but has a sigmoiu shape. This can be interpreted as a "multi-hit" 
phenomenon. Much of the data on the irradiation of animals fits a 
curve obtained by plotting changes produced versus dosage on a semi- 
logarithmic scale (Catheside and Lea, 1945; Bacq and Alexander,
1961; Walker, 1962).
METHODS AND MATERIALS
Laboratory Rearing of Heliothis virescens (Fabricius)
Test insects were reared utilizing a technique similar to that 
developed by Berger (1963). The stock used in 1966 was collected in 
the Rio Grande Valley of Texas while the 1967 stock was collected 
near Transylvania, Louisiana.
The moths were placed in wide-mouthed glass gallon jars with 
the bottom removed which served as oviposition cages. The cages 
were placed on trays containing moist vermiculite covered with paper 
toweling. A triple layer of cheesecloth placed over the tops served 
as a cover. A glass petri dish served to secure the cheesecloth.
Small petri dishes (50 x 10 mm) containing cellucotton wicks and 
a 10% sugar solution in water provided food for the moths.
The cheesecloths were collected daily, placed in polyethylene 
bags (4 x 12 x 12 inches) and sealed with rubber bands until' hatching 
occurred. First instar larvae were transferred individually with a 
soft hair brush (size "00") to 1 oz plastic creamers (Premium Plastics, 
Inc.) each containing 15 to 20 ml of rearing media. The rearing cups 
were then closed utilizing an appropriate sized paper lid (Premium 
Plastics, Inc.). The rearing cups were arranged on cafeteria trays 
(12-1/2 x 16-1/2 inches) and held at 27°C during the developmental 
stage of the larvae. When the larvae reached the pupal stage, the 
pupae were removed and placed in half-gallon, ice cream boxes
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containing a layer of vermiculite about 2 inches deep. When the 
adults emerged, 5 to 10 pairs were placed in each oviposition cage.
Irradiation Source
A 10,000-curie source of cobalt^® located at the Nuclear 
Science Center of Louisiana State University was used in this study. 
Calibration of the source revealed an average exposure rate of 1900 
rads per minute at the selected position in the irradiator and during 
the time this research was conducted.
Irradiation of Eggs
Tobacco budworm eggs were collected and treated at 3 different 
ages; 0- to 1-day-, 1- to 2-days- and 2- to 3-days-old. Eggs from 
each age group were counted on the cheesecloths with the aid of a 
binocular microscope. The eggs were placed in 1 oz plastic creamers, 
covered with appropriate lids and then exposed to varying dosages of 
gamma, radiation. Control eggs were handled in the same manner as 
treated eggs except for exposure to gamma radiation. Eggs were held 
at 25°C for 5 days after oviposition to insure complete hatch of all 
viable eggs. The number of larvae that hatched was recorded.
To study the effects of gamma radiation of eggs on the subse­
quent development of larvae and pupae, larvae that hatched from some 
of the treatments as well as from the control were transferred indi­
vidually to plastic creamers containing the rearing media. The larvae 




One-, 6-, 9-, and 15-day-old larvae of the tobacco budworm 
were exposed to varying levels of gamma radiation.
Newly hatched larvae were transferred individually to plastic 
creamers containing the rearing medium. At the time of treatment, 
the rearing creamers containing the larvae were placed in 1-gallon, 
jce cream cartons. The cartons, containing approximately 50 larvae 
were then exposed to gamma radiation. After treatment the creamers 
containing the larvae were placed on cafeteria trays and held at 
27°C, Death of larvae and pupae and adult emergence were recorded. 
Control larvae were subjected to the same conditions as the test 
larvae except for gamma radiation exposure.
, Irradiation of Pupae
To obtain pupae of a known age, test insects were checked 
every 2 days at the onset of the pupal period. Pupae were removed, 
sexed, and placed in half-gallon, ice cream cartons containing a layer 
of vermiculite. The boxes were closed at the top with a triple layer 
of cheesecloth secured with a rubber band and held at 27°C.
At the time of treatment, pupae were placed in 1-pint, ice cream 
cartons (50 to 100 pupae per box) and exposed to the proper dosage of 
radiation. Control pupae were held under similar conditions except 
for gamma radiation exposure.
For the purpose of studying the lethal effects of gamma radia­
tion on the pupae, they were held after treatment at 25°C until the
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end of the pupal stage at which time the mortality was recorded. In 
these experiments, 0- to 3- and 8- to 10-day-old pupae were treated 
at different dosage levels of radiation.
In order to study the sterilizing effects of gamma radiation 
on the pupae, appropriate dosages of radiation were administered to 
pupae of 3 different ages; 1- to 3-, 8- to 10-, and 10- to 12-day- 
old pupae. Pupae of each sex were irradiated and resulting moths 
were mated to nonirradiated moths of the opposite sex. In the case 
of the 8- to 10-day-old pupae, moths of each sex resulting from 
irradiated pupae were mated with irradiated moths of the opposite 
sex.
Adult emergence took place in 4 to 6 days at the post-treatment 
temperature of 25°C. Upon emergence of the adults, an appropriate 
pair of moths were placed in a half-gallon, ice cream carton from 
which the bottom had been removed. The cartons were placed on a 
tray containing moist vermiculite covered with paper toweling. A 
triple layer of cheesecloth secured over the tops of the boxes pro­
vided a surface for oviposition. Horizontal and vertical lines were 
drawn on the cheesecloth with a grease pencil to produce a grid effect 
which greatly facilitated the counting of eggs. The covers of the 
boxes served to secure the cheesecloth. A small petri dish (50 x 10 
mm) containing a piece of cellucotton saturated with a 10% sugar 
solution was placed in each box for feeding purposes.
During 1966. the cheesecloths were collected daily and the eggs 
were counted under a binocular microscope. After counting, the 
cheesecloths were placed in polyethylene bags (4 x 2 x 12 inches) and
15
secured with a rubber band. They were held for 5 days to insure 
complete hatch of all viable eggs. A daily record of oviposition 
and hatching was kept for each female until death occurred. The 
number of times that each female mated was determined by the number 
of spermatophores in the bursa copulatrix (Callahan, 1958).
Longevity of moths also was recorded.
During 1967, it was necessary to simplify the procedures 
described in the preceding paragraph in order to increase the number 
of replicates. These methods were modified by using 1-pint ice 
cream cartons for each pair of moths and feeding was done in 1/2 oz 
Souffll cups (Sweetheart Paper Products Co.). Kimwipes (5 x 8-3/8 
inches) (Kimberly-Clark Corporation) were used as an oviposition surface 
rather than cheesecloth. The Kimwipes were placed over an 8-1/2 x 11 
inch sheet of lined paper which served as a guide for counting and 
counted under a desk lamp without the aid of a binocular microscope. 
After counting, the Kimwipes were placed in 1 os plastic creamers, 
sealed with an appropriate lid, and kept for 5 days until all viable 
eggs were hatched.
Instead of counting the total number of eggs oviposited by a 
female, they were only sampled. Usually females started oviposition
3 to 4 days after emergence. As soon as oviposition began, eggs were
collected on alternate days until 4 or 5 samples were obtained. From
each sample, 50 to 200 eggs were counted and the rest of the eggs
were discarded. Eggs oviposited on the Kimwipes on the days between 
sampling were discarded.
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• Irradiation of Adults
In preparation for exposure of adult, large, numbers of pupae 
were sexed, placed in half-gallon, ice cream cartons containing a 
layer of vermiculite, and held in a room at 27°C. Emerging moths 
were removed daily in order to have insects of a known age. Most 
test insects were exposed to gamma radiation within 1 day after 
emergence. Male moths at the age of 1- to 2-days also were treated.
Up to 20 moths were placed In a half-gallon, ice cream carton 
containing 1 to 2 pieces of paper toweling. The carton was closed 
at the top with a triple layer of cheesecloth secured with a rubber 
band. The carton containing the moths was then exposed to radia­
tion. Following irradiation of the adults, they were handled as 
described in the pupal experiments.
In studying the lethal effects of gamma radiation on the 
adults, they were held after treatment in half-gallon, ice cream 
cartons (about 20 per box) from which the bottoms had been removed. 
The cartons were placed on a tray containing moist vermiculite 
covered with paper toweling. A triple layer of cheesecloth secured 
with a rubber band served as a cover. The moths were fed as pre­
viously described and mortality counts were taken daily for 2 weeks. 
The criterion for mortality was complete death of the insects.
Effects of Pupal or Adult Treatments on 
Resulting Progeny
Larvae from parents treated either in the pupal or adult stage 
were transferred individually to the rearing cups and held at 27°C
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until adult emergence. Mortality in the larval and pupal stages was 
recorded. Control larvae were kept under similar conditions.
Mating Competitiveness Experiments
Mating competitiveness of moths treated as 8- to 10-, and 
10- to 12-day-old pupae, or as adults 0- to 1-day-old were studied. 
After treatment, adults were confined as follows: one treated male + 
one normal male + one normal female; two treated males + one normal 
male + one normal female; and two treated males + two treated 
females + one normal male -5- one normal female. Controls consisted 
of: two males +  one female; three males + one female; and three
males + three females. One-half gallon, ice cream cartons were used 
instead of the 1-pint carton in treatments where three pairs of 
moths were confined together. Records of oviposition and hatching 
were kept for all treatments as described in the pupal and adult 
irradiation experiments.
RESULTS AND DISCUSSION
Gamma Irradiation of Eggs
Eggs exposed to gamma radiation at an early stage of embryonic 
development were considerably more susceptible to radiation injury 
than those exposed at a later stage of development (Table I). For 
example, exposure of newly oviposited eggs (0- to 1-day-old) to
6,000 rads, caused 99.47» decrease in egg viability. About the same 
effect was obtained when 1- to 2-day-old eggs were exposed to 20,000 
rads of gamma radiation. Exposure of 1- to 2- and 2- to 3-day-old 
eggs to 6,000 rads resulted in 48.8 and 07o decrease in viability, 
respectively.
Although eggs that were exposed to some of the dosages hatched, 
the injurious effects of radiation were reflected in subsequent high 
mortality in the larval stage (Table II). Exposure of 2- to 3-day- 
old eggs to 14,000 rads did not decrease egg viability, but none of 
the larvae reached the pupal stage. Proverbs and Newton (1962a) 
reported similar results in studies on codling moth eggs. Irradiation 
of these eggs resulted in increased mortality in the pupal stage, 
adult malformation, and a decrease in male competitiveness.
The pattern of response of the tobacco budworm eggs was similar 
to that reported by Terzian and Stahler (1938) on the irradiation of 
eggs of Aedes aegypti. The percent hatch from irradiated 1- to 2-day- 
old eggs was plotted on semi-logarithmic paper against the radiation
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dosage (Figure 1). The resulting dosage-response curve was initially 
linear with an increased gradient shown at higher dosages. A curve 
of this type suggested that the lower doses produced a "single-hit" 
effect while the higher dosages produced a "multiple-hit" effect.
Gamma Irradiation of Larvae
The results of irradiating larvae of H. virescens are presented 
in Table III and illustrated in Figure 2. The resistance of the 
larvae to gamma radiation increased with age. A dosage of 7,000 rads 
applied to 1-, 6-, 9-, and 15-day-old larvae resulted in 98.4, 92.9, 
77.6 and 72.07, mortality through the pupal stage, respectively. All 
adults that emerged from irradiated (7,000 rads) 1- and 6-day-old 
larvae were malformed, while exposure of older larvae (9- and 15-day- 
old) to the same dosage resulted in emergence of some normal adults 
in addition to the malformed adults. Retardation of development was 
observed in all larval treatments. These results are supported by 
data obtained by several investigators using different species of 
insects (Mavor, 1927; Balock _et _al., 1956; Howden, 1957; Grosch,
1962; Proverbs and Newton, 1962a; Hoover and Floyd, 1963).
Although variation in ratios between larval and pupal mortality 
was noticed, it was evident that the percent pupal formation was lower 
at higher dosages (7,000 and 10,000 rads). When 1- and 6-day-old 
larvae were exposed to 10,000 rads, no adult emergence was observed. 
Exposure of 9- and 15-day-old larvae to the same dosage resulted in 
malformation of 3.7 and 4.5% of the adults, respectively. Even at 
low radiation dosages, the number of malformed adults exceeded that 
observed in the control.
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Further observations concerning the behavior and fecundity of 
normal adults obtained from irradiated larvae of the tobacco budworm 
were not considered in the present work. Howden (1957) found that 
second stage larvae of Onthophagus texanus (Schaeffer) irradiated 
with 2,000 roentgens of gamma radiation showed normal development. 
However, the resulting adults failed to produce offspring.
Gamma Irradiation of Pupae
The tobacco budworm was more susceptible to injury when sub­
jected to gamma radiation during the early stage of pupal develop­
ment than during the late stage (Table IV). For example, exposure 
of 0- to 3-day-old pupae to 20,000 rads of gamma irradiation resulted 
in 89.9% mortality in comparison to 38.5% in the control pupae. The 
resulting adults (9.9%) were all malformed. When 8- to 10-day-old 
male and female pupae were exposed to 33,754 rads of gamma radiation, 
only 24.2 and 18.5% mortality resulted in comparison to 1.3 and 5.7% 
in the control pupae, respectively. About one-third of the resulting 
adults appeared normal.
The numbers of adults that emerged from irradiated pupae 
decreased as the dosage increased to 96,525 rads where only 7.1 and 
11.4% malformed adults emerged from irradiated 8- to 10-day-old male 
and female pupae, respectively (Table IV).
The fact that mortality in the 0- to 3-day-old control pupae was 
greater than that of the 8- to 10-day-old pupae is attributed to the 
adverse effects of handling and disturbance of the newly formed pupae.
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The male pupae seemed to be more easily killed by gamma radia­
tion than the female. Although this appeared evident at most dosages 
investigated, comparison of survival curves of irradiated 8- to 10- 
day-old pupae reveals no appreciable differences between sexes 
(Figure 3). Similar results were obtained by Mavor (1927). Irra­
diation of pupae of Drosophila melanogaster indicated that males were 
less resistant to X-rays than females. On the other hand Froverbs 
and Newton (1962a) working with the codling moth found that at a 
dosage of 6,975 rads of gamma radiation, pupal mortality was 327® 
for the male and 42% for the female. In another stage of develop­
ment, irradiation at 5,440 rads resulted in 0 and 4% mortality in 
males and females, respectively.
As prerequisites for success of the "sterile-male’1 technique, 
the sterilizing dosage should cause a minimum amount of pupal mortality 
and malformed adults. Additionally the sterilization procedure must 
not affect adversely the mating behavior of the males.
Since susceptibility of pupae to gamma radiation differed with 
age at the time of treatment, a series of experiments was conducted 
primarily to determine the minimum sterilizing dosage which would not 
adversely affect the pupae. When the tobacco budworm was exposed to 
gamma radiation during early pupal development (1- to 3-day-old) the 
dosage of radiation that caused a marked reduction in egg viability 
also caused appreciable pupal mortality (Table V). Exposure of male 
and female pupae to 3,700 rads resulted in 32.6 and 33.37= pupal 
mortality, respectively. Emergence of malformed adults was 30.4% 
when female pupae were treated at the above dosage but only 3.97= in
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the case of the male pupae. The percent decrease In egg viability 
was 64.8 and 49.2 for moths that emerged from the irradiated male and 
female pupae when crossed with the appropriate untreated sex, respec­
tively.
Longevity of adults from pupae treated at an early stage of 
development (1- to 3-day-old) did not seem to be affected. However, 
data on adult longevity was not consistent. For instance, the age 
of male moths at death ranged from 6 to 28 days. The mating frequency 
of moths resulting from irradiated 1- to 3-day-old male and female 
pupae did not seem to be greatly affected although there appeared to 
be a trend toward a decrease in mating frequency with increased 
dosage. Considerable increase in replicates will be required to 
determine the effects on longevity and mating frequency since indi­
vidual variation is extremely large.
Generally, data on the irradiation of young pupae were variable 
and in many cases the differences within replications was greater than 
between treatments. Similar problems were encountered by Walker (1962), 
Proverbs and Newton (1962a) and Ouye et al̂ . (1964).
Even with older pupae, sterility was not induced without causing 
some adverse effects (Tables VI and VII). For example, when 8- to 10- 
day-old male pupae were exposed to a dosage of 40,000 rads, 25.7% 
pupal mortality, 24.2% emergence of malformed adults, and apparent 
reduction in adult longevity from 19.2 days in the control to 15.5 
days resulted. When moths from these irradiated male pupae were paired 
with normal females, there was a 96% decrease in egg viability and an 
apparent decrease in mating frequency. Exposure of male pupae to a
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dosage of 20,000 rads, at which a minimum of undesirable effects was 
noticed, induced only 58.9% decrease in egg viability when resulting 
male moths were paired with normal females.
In comparing male pupae irradiated when 8- to 10-days-old with 
those irradiated when 10- to 12-days-old (Table VI), little difference 
was noted in pupal mortality, malformed adults, mating frequency or 
longevity. When paired with normal females, reduction in egg via­
bility was quite similar.
The germ cells of the female pupae were considerably more 
radiosensitive than those of the male. This was evident at all 
dosages investigated and is illustrated in curves 2 and 3 of Figure 4. 
To cite an example, when 8- to 10-day-old pupae were subjected to
20,000 rads, and the emerging adults were mated to the opposite sex, 
the percent decrease in egg viability was 86.3 when female pupae 
were irradiated compared with 58.9 for irradiated male pupae 
(Tables VI and VII). Similar differences in the response of sexes 
to Irradiation was also observed in the European corn borer (Walker 
and Brindley, 1963), the pink bollworm (Oyue e£ jjI., 1964), and the 
codling moth (Proverbs and Newton, 1962a).
When female pupae were exposed to dosages above 20,000 rads, 
there was considerable pupal mortality, and malformed adults were 
numerous (Table VII). Mating frequency and longevity of adult females 
appeared unaffected. ,
Irradiation of female pupae at higher dosages resulted in sharp 
reduction in the number of eggs oviposited by moths that emerged (Table 
VIII). Irradiation of male pupae seemed to have no effect on
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oviposltion of female moths mated to treated males except 
in one unexplainable case. Oviposltion was approximately doubled 
In normal females crossed with males emerging from 8- to 10-day-old 
male pupae exposed to 5,000 rads of gamma irradiation.
In another experiment, 8- to 10-day-old pupae of both sexes 
were irradiated and the resulting males were confined with females 
receiving the same dosage (Table IX). Reduction in egg viability 
was considerably greater than when only one sex was irradiated. For 
example at the 15,000 rad dosage, adults from treated male pupae were 
mated to untreated males (Table VI), treated females mated to 
untreated males (Table VII), and treated males were mated to treated 
females (Table IX). Decreases in egg viability in these crosses 
were 52.3, 75.1 and 94.8%, respectively. The same trends existed 
regardless of the dosage (Figure 4), and were in accord with work on 
the pink bollworm (Ouye eit ail., 1964). When 8- to 10-day-old male 
pupae were irradiated an apparent reduction in their mating fre­
quency was noticed while exposure of female pupae to irradiation did 
not seem to affect mating frequency (Tables VI and VII).
The determination of whether an egg gives rise to a larva has 
been used in a variety of studies as a measure of sterility. Although 
progeny may die at any stage of development, the high death rate among 
embryos is reflected especially in hatchability records (see Tables V, 
VI, VII, IX, and X), Demerec and Fano (1944) stated that the deaths 
subsequent to hatching comprise only a small fraction of the total 
dominant lethality.
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An attempt to determine the effects of radiation on the 
developmental stages of H. virescens beyond the egg indicated con­
siderable mortality in the larval and pupal stages as well as adult 
deformity (Table X). Eight- to 10-day-old pupae were irradiated and 
the following experimental crosses made: treated male x normal male;
normal male x treated female; treated male x treated female; and 
treated male x normal male x normal female. The irradiation dosage 
varied from 10 to 3,000 rads depending on the cross involved. When 
male pupae were exposed to 30,000 rads and the resulting moths crossed 
with normal females 11.1% of the eggs hatched. However, 42.6% of the 
hatched larvae died as either larvae or pupae. Only 18.6% of the 
larvae that hatched emerged as adults without apparent malformation. 
However, if a normal male was added to the cross described above 
(TM x NM x NF), 48.4% of the eggs hatched and 54.5% of these hatched 
larvae completed development as moths that appeared normal. These 
results might well indicate the competitiveness between irradiated and 
normal individuals. When female pupae were exposed to 20,000 rads and 
the resulting moths mated to normal males, greater mortality in the 
larval and pupal stages (61.6%) was evident than that when male pupae 
were exposed even to 30,000 rads and the resulting moths mated to 
normal females (42.6%). Exposure of both sexes to 10,000 rads resulted 
in a lower percent mortality in the larval and pupal stages, although 
a marked decrease in egg viability was obtained.
Mortality in the larval and pupal stages was about twice as 
great when 10- to 12-day-old pupae were irradiated than when 8- to 
10-day-old pupae were treated with the same dosage. This may be due
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to the stage of spermatogenesis at which the pupae were treated. 
Immature sperm of Drosophila spp. were found to be less sensitive 
to radiation than mature sperm (Demerec and Kaufmann, 1941; Luning, 
1952).
Male moths exposed as 8- to 10- or 10- to 12-day-old pupae to
30,000 rads (a dosage that induced about 507. sterility) were not 
as competitive as normal male moths. The theoretical reduction 
in egg viability as compared with the actual reduction, at a 1:1 
ratio of treated to normal males, is shown (Table XI). Weidhaas 
and Schmidt (1963) reported that apholate-sterilized male mosquitoes 
were fully competitive whereas irradiated males were not. They 
could find no reason for the lack of competitiveness of males 
irradiated as pupae since these males appeared as vigorous, lived 
as long, and mated as readily as normal males when they were not in 
competition. When the ratio of sterile to fertile males was 10:1, 
the reduction in the reproductive potential of the codling moth 
(Proverbs and Newton, 1962b) was not so marked as that of the screw- 
worm (Bushland and Hopkins, 1951). Evidently, this is because the 
sperm from irradiated codling moths are probably less motile and 
possibly less numerous than normal sperm (Proverbs and Newton, 1962b).
Gamma Irradiation of Adults
Of the four life stages of the tobacco budworm, the adults were 
found to be the most resistant to the lethal effects of gamma irradia­
tion. A dosage of 222,007 rads applied to 0- to 1-day-old male and
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female moths resulted in 93.5 and 95.2% mortality, respectively. 
Examination of results (Table XII, Figure 5) indicated little differ­
ence between male and female moths in regard to the lethal effects of 
gamma radiation. In general, it would appear that adults are able to 
tolerate about twice as much gamma irradiation as 8- to 10-day-old 
pupae (Tables IV and XII).
Data obtained by crossing irradiated males (0- to 1-day-old) to 
nontreated virgin females indicated that the percentage of viable eggs 
decreased with an increase in the gamma-ray dosage (Table XIII,
Figure 5). The percent egg hatch in the nortreated control was 63.7, 
whereas in crosses containing male moths exposed to 10,000, 20,000, 
and 30,000 rads it was 52.1, 14.9, and 4.6, respectively. In crosses 
containing males exposed to 35,000, 40,000, and 50,000 rads, the per­
cent egg hatch was 2.4, 1.0, and 0.0, respectively. Variation in 
results on longevity and mating frequency was evident in this experi­
ment and was due to insufficient numbers of replications and large 
variation between individuals. Adult life ranged from 7 to 44 days. 
Matings between single pairs of adults ranged from 0 to 8. However, 
observations indicated no apparent effect of dosages up to 40,000 rads 
on mating frequency and longevity of treated males.
Walker and Brindley (1963) found that adult male corn borers 
(0- to 1-day-old) can be sterilized by dosages cf 32,000 roentgens of 
X-rays. Male corn borers survived about as long as untreated males. 
Although longevity of adult male codling moths was unaffected by 
exposure to gamma radiation, male moths that were exposed early in 
adult life to 50,000 rads of gamma radiation mated five-eighths as 
often as normal male moths (Proverbs and Newton, 1962a).
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When 0- to 1- and 1- to 2-day-old male tobacco budworms were 
exposed to 35,000 rads and mated to normal virgin females of the 
same age, the percent egg hatch was essentially the same: 2.4 and
1.0, respectively (Table XIII).
When 0- to 1-day-old female moths were irradiated and paired 
with nontreated males, the percent of viable eggs decreased with an 
increase in the gamma-ray dose (Table XIII, Figure 5). Exposure of 
female moths to as much as 40,000 rads did not appear to affect mating 
frequency or the longevity of the insects although there was con­
siderable variation in the results. Similar results on the irradia­
tion of adult female codling moths was evident in studies by Proverbs 
and Newton (1962a).
Oviposition was reduced in crosses of normal males x irradiated 
females at high dosages (Table XIV). There was no effect on ovi­
position in crosses of irradiated males x normal females at these 
same high dosages. At a dosage of 10,000 rads, oviposition appeared 
to be stimulated in both crosses.
The fertility of irradiated female tobacco budworm moths 
appeared to be slightly lower when compared to males receiving the 
same dosage (curves 1 and 2, Figure 5). Most published reports 
(Lindquist, 1955; Haynes and Godwin, 1957; Bletchly, 1961; and 
Sokoloff, 1961) indicated that male insects are more easily sterilized 
by ionizing radiation than females of the same species. However, 
Meyer and Muller (1961) established that the X-ray induced mutation 
rate in gonia of adult Drosophila spp. was similar for both sexes. 
Crouse (1950), also working with dipterous insects, and Proverbs and
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Newton (1962a), working with the codling moth, found as with the 
tobacco budworm that the germ cells of the female were more radio­
sensitive than those of the male.
There is a wide range between the lethal dose and the steriliz­
ing dose in tobacco budworm adults (Figure 5). This same wide dif­
ference between the dose for lethality and the dose for sterilization 
has been found in most of the insect species studied (Howden, 1957).
When both male and female moths were irradiated and allowed to 
mate with each other the reduction in percent egg hatch was consider­
ably greater than when adults from either sex were irradiated and 
allowed to mate with normal moths of the opposite sex (Table XV).
For example, exposure of male, female, or both male and female moths 
to 20,000 rads of gamma radiation resulted in 14.9, 7.2, and 0.1% 
egg hatch, respectively in subsequent crosses. The relationship 
between irradiated sex and fertility is illustrated (Figure 6). Egg 
hatch was lower in crosses where females were irradiated than where 
males were exposed.
As in the pupal irradiation experiments, considerable mortality 
occurred in the larval and pupal stages of the insects that did hatch 
from eggs oviposited by irradiated parents (Table XVI). Death subse­
quent to hatching increased as the radiation dosage increased. 
Mortality subsequent to hatching was higher where both sexes were 
irradiated than when only one sex was exposed. The percent mortality 
in the larval and pupal stages was 46, 54, and 76 when male, female, 
or both male and female parents were exposed to 10,000 rads of gamma 
radiation. The effect of adult treatment on resulting progeny was
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greatly reduced when normal males were held in the same numbers with 
irradiated (30,000 rads) males and normal females. For example, only 
29.1% mortality resulted in this cross in comparison to 18.0% in the 
control. Further discussion on the effects of irradiation of parents 
on the resulting progeny has been given in the pupal irradiation 
section.
Gamma irradiated male moths were competitive with normal males 
for the virgin females as indicated by the reduction in the percent 
of egg hatch shown (Table XVII). The actual reduction in egg viability 
in several crosses was found to be very close to the theoretical reduc­
tion. When irradiated (30,000 rads) males were held with normal males 
and females in the ratio of 1:1:1, actual and theoretical percent egg 
hatch was 32.4 and 31.9, respectively. When the ratio was 2:1:1, the 
percent egg hatch was 27.3 and 24.4, respectively. Similar results 
were reported by Weidhaas and Schmidt (1963) in studies using 
apholate-sterilized male mosquitoes. When sterilized (32,000 rads) 
male European corn borers outnumbered the untreated males eight to 
four, there was 39 percent egg hatch as compared to 63 percent in the 
nontreated control (Walker, 1962). A similar ratio of sterile to normal 
males in experiments with the screw-worm, resulted in about two-thirds 
reduction in the viable eggs (Bushland and Hopkins, 1951).
The reduction in the percent egg hatch was even greater when 
treated male, treated female, and untreated male and female tobacco 
budworm moths were held together in the ratio of 2:2:1:1. The actual 
and theoretical percent hatch was 8.3 and 7.8, respectively. These 
results are contrary to those reported by Proverbs and Newton (1962b).
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The reproductive potential of the codling Taoth was reduced less when 
normal male and female moths were caged with both irradiated male and 
female moths than when they were caged with irradiated males only. 
However, Bushland and Hopkins (1951), working with the screw-worm, 
reported that when equal numbers of both sterile male and female flies 
were added to a normal fly population, the fertility of the normal 
females was affected to about the same degree as when sterile males 
only were added.
The trend toward a slight reduction in mating frequency of 
irradiated male tobacco budworm moths reported in this study, although 
further work would be required to verify the reduction, may not be a 
disadvantage in applying the "sterile-male" technique. Under labora­
tory conditions, it is evident that irradiated male moths competed 
equally with normal male moths, even at the ratio 1:1.
Comparison of the Effects of Gamma Irradiation on the 
Developmental Stages of Heliothis virescens
Resistance to lethal effects of gamma radiation exhibited by 
this species increased as insect development progressed (Figure 7). 
This same relationship also existed for the effects of radiation on 
the reproductive potential with the exception of late pupal stage 
(Figure 8). Proverbs and Newton (1962a) reported similar results with 
the codling moth and stated that this could be due to an increase in 
sensitivity of the germ cells as the adult moth emerged. Although 
egg viability was not affected in 2- to 3-day-old tobacco budworm
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aggs irradiated with 14,000 rads, all of the larvae died before 
reaching the pupal stage (Tables I and XI). Therefore the egg stage 
is considered to be the most sensitive of all stages.
When the tobacco budworm was exposed to gamma radiation during 
early pupal development (1- to 3-day-old) the dosage of radiation 
that caused a marked reduction in egg viability also caused appre­
ciable pupal mortality. Even with older pupae sterility was not 
induced without causing some adverse effects such as pupal mortality, 
malformed adult emergence, and an apparent reduction in adult 
longevity and mating frequency. Male moths exposed as 8- to 10- 
or 10- to 12-day-old pupae to 30,000 rads (a dosage that induced 
about 5 07i sterility) were not as competitive as those from normal 
male moths.
The female pupae were found to be more radiosensitive than the 
males in regard to the effect of radiation on reproduction (Figure 4). 
However, when both sexes were irradiated and the resulting adults 
mated with each other, reduction in egg viability was considerably 
greater than when only one sex was irradiated. Oviposition was 
greatly reduced when females were exposed as 8- to 10-day-old pupae 
to high dosages of gamma radiation (Table VIII).
Tobacco budworm adults were found to be the most resistant to 
the lethal effects of gamma irradiation. They tolerated about twice 
as much gamma irradiation as 8- to 10-day-old pupae. However, the 
sterilizing dosages for the adults did not differ greatly from those 
of older pupae and were separated from lethal dosages by a wide range 
(Figure 5). Deleterious effects caused by gamma irradiation were much
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less apparent in adults than in pupae. As in the pupal experiments, 
adult females were more radiosensitive than males and at high dosages 
produced fewer eggs than normal females. At low radiation dosages, 
oviposition appeared to be stimulated.
When irradiated (30,000 rads) males were held with normal males 
and females in the ratios of 1:1:1 and 2:1:1, the actual reduction in 
egg viability was found to be very close to the theoretical reduction. 
Thus, in the laboratory, irradiated "sterile-males" were competitive 
with nontreated males in fertilization of female moth.
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Table 1. Effects of gamma irradiation on H. virescens eggs of 
different ages.
Dosage No. of eggs No. of eggs Percent egg Percent decrease
(Rads)_________ treated_______hatched________hatch_____ in egg viability
0- to 1-day-old eggs
2,000 329 83 25.2 54.8
6,000 294 1 0.3 99.4
12,000 317 0 0.0 100.0
14,000 307 0 0.0 100.0
0 360 201 55.8 0.0
1- to 2-day-old eggs
2,000 336 98 29.1 40.9
6,000 313 79 25.2 48.8
12,000 349 76 21.7 55.9
14,000 423 85 20.1 59.2
16,000 356 50 14.0 71.6
20,000 284 8 2.0 95.9
0 547 270 49.3 0.0
2- to 3-day-old eS8s
2,000 393 136 34.6 0.8
6,000 422 148 35.1 0.0
12,000 440 135 30.7 12.0
14,000 413 150 36.3 0,0
0 315 110 34.9 0.0
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Table II. Effects of gamma irradiation on eggs of different ages








Larvae Pupae Normal Malformed
0- to 1-day-old _eS££
2,000 25.2 20.0 10.0 50.0 20.0
0 55.8 11.1 25.9 55.5 7.4
1- to 2-day-old eggs
14,000 20.1 100.0 «■ •* —
0 49.3 11.1 25.9 55.5 7.4
2- to 3-day-old e££.s.
14,000 36.3 100.0 ~ - _ — _ —
0 34.9 11.1 25.9 55.5 7.4
^ F i f t y  to 54 larvae were placed on rearing media •
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Table III. Mortality of H. viresceas in the larval and pupal stages 
and adult emergence after different age larvae were 
exposed to gamma radiation.
Corrected
No. of percent Percent adult
Dosage larvae Percent mortality mortality emergence_____
(Rads) treated Larvae Pupae Total (Total) Normal Malformed
1-day-old
3,600 88 21.5 22.7 44.2 13.6 29.5 26.1
5,000 100 36.0 14.0 50.0 22.4 17.0 33.0
7,000 100 95.0 4.0 99.0 98.4 0.0 1.0
10,000 90 100.0 0.0 100.0 100.0 0.0 0.0





32.0 18.1 35.0 33.0
5,000 50 18.0 34.0 52.0 42.2 18.0 30.0
6,000 50 34.0 50.0 84.0 80.7 4.0 12.0
7,000 102 52.9 41.1 94.1 92.9 0.0 3.9
10,000 100 81.0 19.0 100.0 100.0 0.0 0.0





24.0 12.1 45.0 31.0
3,600 102 18.6 6.8 25.4 13.7 38.2 36.2
5,000 100 30.0 14.0 44.0 35.2 25.0 31.0
7,000 104 69.2 11.5 80.7 77.6 3.8 15.3
10,000 80 63.7 32.5 96.2 95.6 0.0 3.7





17.0 0.0 67.0 15.8
6,000 92 17.3 57.6 75.0 69.5 3.2 21.7
7,000 83 30.1 46.9 77.1 72.0 1.2 21.6
8,000 104 38.4 42.3 80.7 76.4 0.0 19.2
10,000 82 73.6 21.9 95.5 94.0 0.0 4.5
0 100 10.0 8.0 18.0 0.0 67.0 15.0
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Table IV. Effects of gamma irradiation of different ages of H.
virescens pupae on pupal mortality and adult emergence.
No. of Corrected Percent adult
Dosage pupae Percent pupal percent emergence____
(Rads)______treated mortality_____ mortality_______ Normal Malformed
0- to 3-day-old pupae (mixed sexes)
3,700 30 53.3 24.0 40.0 6.6
7,400 30 80.0 67.4 9.9 9.9
12,000 30 76.6 61.9 10.0 13.3
15,000 30 93.3 89.1 0.0 6.6
20,000 30 89.9 83.8 0.0 9.9
0 60 38.5 0.0 54.2 7.1
8- to 10-day-old male pupae
28,957 60 11.6 10.4 66.6 21.6
33,754 70 24.2 23.2 50.0 25.7
43,407 70 64.2 63.3 18.5 17.1
53,059 70 62.8 62.3 22.8 14.2
67,528 70 71.4 71.0 20.0 8.5
72,345 70 74.2 73.8 12.8 12.8






33,754 70 18.5 13.5 52.8 28.5
43,407 70 41.4 37.8 28.5 30.0
53,059 70 50.0 46.9 31.4 18.5
62,712 70 67.1 65.1 12.8 20.0
67,528 70 74.2 72.6 5.7 20.0
96,525 70 88.5 87.8 0.0 11.4
0 70 5.7 0.0 88.5 5.7



















(Rads) treated mortality Normal Malformed pairs hatch viability Reps. No. Reps. Days
/ITM x NF—
1,500 58 14.0 74.4 11.4 26 51.0 15.1 9 2.1 9 15.4
3,000 58 20.0 58.4 41.4 20 39.7 33.9 7 0.8 7 11.7
3,700 53 32.6 63.4 3.9 20 21.1 64.8 8 2.0 6 16.1
0
*
75 19.2 74.4 9.1 33 
TF x NM
60.1 0.0 10 2.8 21 14.2
900 ' 57 24.2 52.0 23.7 25 39.9 33.6 10 2.9 11 18.0
2,000 55 16.0 60.8 22.9 26 37.5 37.6 9 2.2 11 16.7
3,700 55 33.3 36.2 30.4 19 30.5 49.2 9 2.0 3 23.0
0 75 30.3 55.3 14.3 33 60.1 0.0 10 2.8 16 16.5
M = treated male, NF = nontreated female
u>oo

























Normal Malformed Reps. No. Reps. Days
8- to 10-day-old
15,000 50 8.0 82.0 10.0 21 29.9 52.3 5 2.8 - -
20,000 80 3.7 85.0 11.2 37 25.8 58.9 24 2.6 -
30,000 140 10.0 72.1 17.8 35 11.1 82.3 23 2.1 16 18.7
35,000 69 13.0 60.8 26.0 26 14.5 76.9 14 2.0 16 15.7
40,000 70 25.7 50.0 24.2 25 2.5 96.0 16 1.6 16 15.5
0 116 2.5 89.6 7.7 51 62.8 0.0 28 3.4 19 19.2
10- to 12-day-old
30,000 119 3.3 83.1 13.4 24 18.6 72.7 22 2.6 23 17.3
35,000 55 5.4 74.5 20.0 24 14.4 78.9 24 2.7 21 19.0
0 55 3.6 92.7 3.6 17 68.3 0.0 28 3.4 19 19.2
U>
VO

























Normal Malformed Reps. No. Reps. Days
8,000 60 1.6 88.3 10.0 22 27.7 59.9 8 3.8 9 21.4
15,000 76 2.6 82.8 14.4 23 17.0 75.3 9 4.0 - —
20,000 60 6.6 80.0 13.3 18 9.4 86.3 24 3.0 16 20.3
30,000 60 13.3 60.0 26.6 16 0.0 100.0 .22 3.2 16 21.9
35,000 50 22.0 42.0 36.0 16 0.0 100.0 m - - - -
o - 60 0.0 93.0 6.0 26 69.1 0.0 26 3.3 18 22.2
■oo
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Table VIII. Comparison of oviposition of adults that emerged from
gamma irradiated 8- to 10-day-old male and female pupae 

















5,000 9 1105 7 547
8,000 7 317 8 192
11,000 6 434 9 92
20,000 9 462 8 27
30,000 7 349 8 15
0 9 547 9 547
Table IX Egg viability and matin 
8- to 10-day-old pupae 
gamma radiation.
ig frequency of H. 





No. of Percent Percent decrease Spermatophores
Dosage pairs egg in egg per female
(Rads) (TM x TF) hatch viability Reps. No.
5,000 15 32.9 51.8 - -
10,000 16 24.8 63.6 16 2.5
15,000 15 3.5 94.8 15 2.4
0 17 68.3 0.0 26 3.4
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N orma 1 Ma 1 f ormed
8- to 10'-day-old pupae
30,000 TM + NF 11.1 13.3 29.3 18.6 38.6
30,000 TM + NM + NF 48.4 21.8 0.0 54.5 23.6
20,000 NM + TF 9.4 27.6 34.0 25.5 12.7
10,000 TM + TF 24.8 13.6 9.0 68.1 9.0
10- to 12 -day-old pupae
30,000 TM + NF 18.6 42.4 41.0 6.8 9.5
Control
0 NM + NF 68.3 20.7 0.0 74.0 5.1
■Forty-four to 77 larvae were placed on rearing media.
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Table XI. Hating competitiveness of male moths from pupae treated 








Actual Theoretical Reps. No.
8- to 10-day-old pupae
1TM + 1NM + INF 20 48.4 35.2 23 3.0
10- to 12-day-old pupae
1TM + 1NM + INF 19 49.2 38.9 20 3.8
Control
2NM + INF 19 59.2 19 4.4
Table XII. Mortality of 0- to 1-day-old 
exposure to gamma radiation.
adult H. virescens caused by
Dosage N o . of moths treated Percent mortality <72-hour)
(Rads) Male Female Male Female
168,889 76 67 14.4 28.3
193,050 65 67 50.7 46.2
202,722 67 60 65.6 45.0
208,513 75 - 65.3
212,062 - 64 75.0
217,191 95 47 89.4 91.4
222,007 77 63 93.5 95.2
0 71 57 0.0 0.0
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Table XIII. Effects of gamma irradiation of adult H. virescens on
longevity, mating frequency and egg hatch.
Longevity of 
Percent Spermatophores treated
Dosage No. of Egg Decrease in per female adults
(Rads) pairs hatch egg viability Reps. No. Reps. Days
0- to 1-day-old (TM x NF)
10,000 10 52.1 18.2 7 2.2 11 12.7
20,000 26 14.9 76.6 9 2.4 10 14.3
30,000 25 4.6 92.7 10 1.7 8 11.2
35,000 10 2.4 96.2 8 2.5 7 21.0
40,000 26 1.0 98.4 10 3.7 9 13.0
50,000 16 0.0 100.0 
1- to 2-day-old (TM x NF)
- -
35,000 22 1.0 98.4 MB «• - -





10,000 24 40.8 35.9 9 2.3 9 16.4
20,000 24 7.2 88.6 10 3.5 10 12.5
30,000 25 0.7 98.9 8 4.2 8 22.5
35,000 10 0.2 99.6 10 3.3 10 17.6
40,000 23 0.1 99.8 10 4.3 11 16.3
0 40 63.7 0.0 10 3.0 14 22.2
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Table XIV. Effect on oviposition when one sex is exposed to gamma 













of eggs per 
female
10,000 9 1198 8 1026
35,000 9 892 9 700
40,000 9 828 10 534
0 14 820 14 820
Table XV. Effect on egg viability and mating frequency following 
irradiation of male, female, or both male and female 
H. virescens.
Percent Spermatophores
Dosage No. Egg Decrease in per females
(Rads) Cross of pairs hatch egg viability Reps. No.
10,000 TM x TF 25 15.4 75.8 8 4.0
15,000 TM x TF 25 4.7 92.6 8 3.6
20,000 TM x TF 24 0.1 99.8 8 3.7
TM x NF 26 14.9 76.6 9 2.4
TF x NM 24 7.2 88.6 10 3.5
0 NM x NF 40 63.7 0.0 10 3.0













10,000 TM + NF 52.1 36.0 10.0 42.0 12.0
20,000 14.9 30.0 50.0 14.0 6.0
30,000 TM + NM + NF 32.4 16.G 12.5 56.0 14.5
10,000 TM + TF 15.4 30.0 46.0 16.0 8.0
10,000 NM + TF 40.8 32.0 22.0 44.0 2.0
20,000 7.2 40.4 40.4 14.2 4.7
0 NM + NF 63.7 14.0 4.0 76.0 6.0
n— Forty- two to 50 larvae were placed on rearing media.
Table XVII . * Competitiveness of gamma 







Cross Replicates Actual Theoretical Reps. No.
1TM + 1NM + INF 40 32.4 31.9 8 3.6
2TM + 1NM + INF 24 27.5 24.4 -
2TM + 2TF 
+ INF
+ 1NM
8 8.3 7.8 -
Control:
2NM + INF 19 59.2 — 19 4.4
3NM + INF 25 64.0 — 20 4.2
3NM + 3NF 14 59.9 —  _
Figure 1 Dosage-response curve for percent egg hatch after 
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Figure 2. Comparison, of dosage-response curves from H. 















Figure 3. Comparison of adult emergence from irradiated 
8- to 10-day-old male and female H. vlrescens 
pupae.
1. Percent adult emergence when males were 
irradiated,













Figure 4. Dosage-response curves for percent of eggs hatched
following irradiation of 8- to 10-day-old H. vlrescens 
pupae.
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Figure 5. Comparison of adult survival and egg viability 
following irradiation of 0- to 1-day-old moths.
1. Percent egg hatch when females were irradiated.
2. Percent egg hatch when males were irradiated.
3. Percent survival when males were irradiated.
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Figure 6. Effect on egg viabi1ity following irradiation of 
0- to 1-day-old adults.
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Figure 7. Comparison of dosage-response curves from H.
virescens exposed to gamma radiation at different
stages.
1. Percent adult emergence when 9-day-old larvae 
were irradiated.
2. Percent adult emergence when 0- to 3-day-old 
pupae (mixed sexes) were irradiated.
3. Percent adult emergence when 8- to 10-day-old 
male pupae were irradiated.
4. Percent survival when 0- to 1-day-old moths 
were irradiated.
Percent Adult Emergence or Adult Survivals
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Figure 8. Effect of irradiation of males at different stages 
on egg hatch.
1. Pupae 1- to 3-day-old.
2. Adults 0- to 1-day-old.
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Some effects of gamma irradiation on the developmental stages of 
the tobacco budworm, Heliothis virescens, were investigated in the 
laboratory. Results of this investigation allow the following con­
clusions to be made.
1. Generally, susceptibility to gamma radiation injury decreased as 
development proceeded from the egg to the adult moth.
2. Irradiation of 1- to 3-day-old pupae at dosages effecting sterility
resulted in considerable pupal mortality and adult malformation. 
Deleterious effects were reduced in older pupae and adults.
3. When 8- to 10-day-old pupae or 0- to 1-day-old adults were
exposed to gamma radiation the degree of sterility induced at
a given dosage level was greater in the female than in the male.
4. Exposure of pupae or adults to gamma irradiation resulted in high 
mortality in their progeny.
5. Oviposition was reduced when females were exposed as 8- to 10- 
day-old pupae or 0- to 1-day-old adults to high levels of gamma 
irradiation. In contrast, low dosage appeared to stimulate ovi­
position.
6. Conclusions concerning the effects of sterilizing dosages of 
gamma irradiation on mating frequency and longevity could not
be made due to extreme variation in results and lack of sufficient 
replication.
7. There is a broad safety range between the lethal dose and the 
sterilizing dose in H. virescens.
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8. Zero- to 1-day-old moths are sterilized by exposure to 40,000 
rads of gamma radiation.
9. Irradiated (30,000 rads) 0- to 1-day-old males were competitive 
with those from normal males under laboratory conditions. Males 
irradiated during the pupal stage were not competitive under 
these conditions.
10. In general, the results of this evaluation of the possibility of 
utilizing gamma radiation induced sterility as a method of con­
trolling H. virescens are promising enough to warrant further 
research.
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